The study aimed to evaluate two irrigation scheduling techniques for hydroponic tomato production in Ceará, northeastern Brazil. The experiment was set up as a split-plot randomized block design, with six replications. As main factor, two irrigation scheduling techniques were tested: (a) Automatic scheduling using matric sensors, a closed loop irrigation control system based on the Irrigas 
INTRODUCTION
Most hydroponic production systems in Brazil use partly automated irrigation systems, consisting basically of controllers and solenoid valves. Normally, nutrient solution applications are programmed at fixed intervals and rates, also known as time clock irrigation scheduling.
The main disadvantage of this method is that it is not flexible enough to handle varying crop water requirements during the day and the growing season. Irrigation requirements depend upon crop, cultivars, climate, crop development stage, and substrates (Roh and Lee, 1996) . With constant irrigation intervals and volumes, water and fertilizers are wasted during the morning (over-irrigation), and during the afternoon plants may suffer water stress (under-irrigation), even when drainage fractions are high. Since the water buffering capacity of the growth medium is very small, such scheduling may lead to severe problems, like yield losses and blossom-end rot (Lizarraga et al., 2003) .
Automated systems based on microclimatic measurements, such as solar radiation and vapor pressure deficit, have been tested successfully for irrigation scheduling of hydroponic production (Lizarraga et al., 2003; Lorenzo et al., 1998; Roh and Lee, 1996; Suay et al., 2003) . However, those systems present some difficulties for practical application, such as the need of leaf area index measurements and calibration for different crops and growth stages.
Matric potential sensors have been used successfully for automatic irrigation control in soilless cultivation (Papadopoulos et al., 1992) . A new type of matric potential sensor, named Irrigas ® , was presented by Calbo (2004) , which operates on the principle of air permeability of porous ceramics. The free air passage through the porous ceramic cup gets blocked whenever soil water saturates the pores in the ceramic. As the soil dries, its moisture drops below a critical tension value, and the porous cup becomes permeable 432 to air passage. Differently from conventional tensiometers, the Irrigas ® porous cup cavity is filled with air, what makes the sensor almost maintenance free and eliminates the need of making hydrostatic pressure corrections for sensor depth. According to the authors, the Irrigas ® sensors are reliable and enable pneumatic actuation for data acquisition and automatic soil water tension control.
The experiment aimed to evaluate automatic irrigation scheduling using Irrigas ® sensors for hydroponic production of two tomato hybrids, and compare the results to time clock scheduling.
MATERIALS AND METHODS

Experimental Set-Up
The experiment was carried out in a 2,600 m 2 (52×50 m) seven-span plastic greenhouse, located in Guaraciaba do Norte, Brazil (412' S and 4045' W). It was set up as a split-plot randomized block design, with six replications. As the main factor, two irrigation scheduling techniques were tested: (a) Automatic scheduling using Irrigas 
Irrigation Scheduling
The two irrigation scheduling techniques evaluated were: 1. Scheduling by Irrigas ® Matric Sensors. It was used a closed loop control system, consisting of six Irrigas ® sensors, connected to a MRI-D controller (Hidrosense Ltd.), which was used to send an on/off signal to an irrigation controller (Galcon AC-6S). Irrigas ® sensors were installed at midway between drippers and plants, in six different bags, randomly located in different plots. Irrigation (0.67 L/plant) was applied whenever the average matric potential in the bags reached -4 kPa. A data logger, connected to the MRI-D controller, was used to record matric potential readings every 15 min. 2. Time Clock Scheduling. Irrigation was applied using an irrigation controller (Galcon AC-6S), at fixed rates (0.40 L/plant) and intervals. In the first 10 days after transplanting the controller was programmed to apply one irrigation pulse per day. After that the number of irrigation pulses per day was adjusted periodically in order to maintain the drainage percentage around 20%.
Until the 25 th day after transplanting (DAT) both treatments received the same amount of water, aiming to ensure plant establishment. From the 26 th DAT on the Irrigas ® treatment was set to irrigate automatically.
Irrigation was applied through 2 L h -1 pressure compensated, anti-drain drippers. Irrigation water was pumped from a well and presented pH and electrical conductivity (EC) levels of 5.5 and 0.12 dS m -1 , respectively. EC and pH of the nutrient solution were maintained between 1.8-2.1 dS m -1 and 5.5-6.0, respectively. The distribution uniformity (DU) of the irrigation system was evaluated at the beginning of the experiment. The observed DU was 97%. The following irrigation parameters were evaluated daily (at 7:00 AM): volume, EC, and pH of nutrient solution and drainage from the previous day. Water meters were used to measure the amount of nutrient solution applied in each treatment. Drainage was collected using two drainage trays per treatment, with two bags each, and measured with a graduated cylinder. The water consumption by the crop was calculated as the difference between irrigation and drainage water volumes.
Hourly data of temperature, solar radiation, relative humidity and wind speed were recorded inside the greenhouse, using an automatic weather station, installed beside the experiment. Tomato fruits of each plot were counted, classified, and weighted. Fruits with transverse diameter smaller than 0,05 m, or with any injury were discarded and not considered for the calculation of marketable yield, but were considered for the calculations of average fruit weight and number of fruits per plant. Data were submitted to statistical analysis by the analysis of variance and Tukey's test at 1% level.
Yield Evaluation
RESULTS AND DISCUSSION
Water Use
Climatic data measured inside the greenhouse during the experiment are summarized in Table 1 . Water application results are summarized in Figure 1 and Table  2 . The Irrigas ® treatment applied 6.3% less water as compared to the time clock treatment. The average drainage percentage observed in the time clock treatment was close to the target drainage percentage (20%), and higher than the drainage percentage observed in the Irrigas ® treatment. From Figure 2 it can be noticed that the drainage percentage of the time clock treatment was higher than that observed in the Irrigas ® treatment most of the time after the 50 th DAT, when crop water consumption was at its peak. Nevertheless, no marked differences, in terms of pH and EC, of the drainage solution were observed between the two treatments during the crop season (Figs. 3 and 4) .
It is usually recommended that the EC of the drainage solution should not be more than 1 dS m -1 higher than the EC of the irrigation solution (Urrestarazu, 2000) . It can be noticed that both treatments were able to keep the drainage EC below or close to 3 dS m -1 most of the time. That indicates that the target drainage percentage could be lower than 20%, without leading to salinity problems in the substrate.
Matric potential measured in bags of the Irrigas ® treatment was kept between -2 and -4 kPa most of the crop season, showing that the automated control system with Irrigas ® sensors performed as desired and was reliable (Fig. 5) . Despite some interruptions in data acquisition by the data logger, it can be noticed that in the time clock treatment the matric potential was maintained higher than -3 kPa most of the time. Figure 6 illustrates the matric potential variation in the substrate during two days at the fruit development and harvest stage. In both days the Irrigas ® treatment irrigated twice a day, keeping the matric potential higher than -4 kPa, as desired. During the same period the time clock treatment irrigated four and five times, on the 122 th and 123 th DAT, respectively, keeping the matric potential higher than -3 kPa. It may be observed that the last two irrigations of the 122 th DAT were performed when the matric potential was still high (<-2.3 kPa). Consequently, the crop was over irrigated and the drainage percentage measured in the time clock treatment on that day was much larger than that observed in the Irrigas ® treatment (25 and 10%, respectively).
Tomato Yield
No significant differences (p>0.05) were found between the two irrigation treatments regarding to marketable yield, fruit weight and number of fruits per plant (Table 3) . No blossom-end rot problems were observed in harvested fruits either in both treatments. Those results may be explained by the fact that, apparently, no water deficit occurred in both treatments along the crop cycle.
On the other hand, there were significant differences (p<0.01) between the to tomato hybrids for the three variables evaluated. Tomato hybrid 'Miramar' produced more fruits per plant (p<0.01), as compared to hybrid 'Ellen', which resulted in significant higher marketable yield (p<0.01). Moreover, hybrid 'Ellen' produced fruits of higher weight (p<0.01) as compared to hybrid 'Miramar'.
CONCLUSIONS
The automatic irrigation scheduling based on Irrigas ® sensors was effective in controlling matric potential in coconut fiber substrate, and reduced water application by 6.3%, as compared to time clock scheduling, without affecting pH and EC levels of the drainage solution. The automatic irrigation scheduling did not affect significantly (p>0.05) tomato marketable yield, fruit weight, and number of fruits per plant, as compared to time clock scheduling.
The tomato hybrid 'Miramar' presented significantly higher (p<0.01) marketable yield and number of fruits per plant than hybrid 'Ellen', which presented higher fruit weight. 
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